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(57) Abstract: 

PROBLEM TO BE SOLVED: To provide piezoelectric 
ceramics which contains no lead and has a high Curie 
point and excellent piezoelectric characteristics. 

SOLUTION: The piezoelectric ceramics is a piezoelectric 
ceramic material utilizing thickness shear vibration, 
which is a bismuth layer compound containing Mil (Mil is 
an element or a group of elements, selected from Sr, Ba 
and Ca), Bi, Ti and O, and contains MIIBi4Ti4015 type 
crystals, wherein when the composition (the ratios of 
constituent atoms) of Mil is represented by the formula 
SrxBayCaz, x+y+z=1, 02x21, 02y20.9, and 02z21; a 
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piezoelectric ceramic material utilizing thickness 
longitudinal vibration, which is a bismuth layer 
compound containing MM (Mil is as defined above), Bi, 
Ti and O, and contains MIIBi4Ti401 5 type crystals, 
wherein when the composition (the ratios of constituent 
atoms) of Mil is represented by the formula SrxBayCaz, 
x+y+z=1, 02x<0.9, 02y20.9, and 02z<1; or a 
piezoelectric ceramic material which is a bismuth layer 
compound containing Ca, Bi, Ti, Ln (a lanthanoid 
element) and O, and contains CaBi4Ti4015 type crystals, 
wherein the atomic ratio of Ln/(Ln+Ca) meets the 
relational expression 0<Ln/(Ln+Ca)<0.5. 
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/cf£, a«*CC*JC»-r2«pBWS*Ofc B <R*dfitttt8 0 
0-10 0 0TICD|5H*>&aBRkfc. f#e>*lfc<K#H3j* 

7\sXti5Sfch. ^®\h£4 0mmX4 0mm, J¥£ 1 3mmCD 

4 5 MPaODE^rflTKEE^ U * <fc 0 O fc. 
[0044] f#£ft/c^#£ftftfcU/c 0 JWditt. B i 

fSM&U 1 12 0—1 2 3 5 0 C<Dffiffl#»e>jSlRU fttic 

[0 0 4 5 ] »6nfc«*Sfl*eK ¥ffi\h£3 OmmX 1 
0imu/»3 5. 5mrn<D^a**£W9aL/cf£, *<D± 30 
Tffi5CAgli?:M^ 6 5 0 B CriO^»M14 

[0046]^t, 2 5 0°CC^>y r3->*^U^X 
Etnc*5<,>T, 1 . 1 XE C (W/m) JK±<D«ff* l^lffl 
EPJTOLT#Sto3*J&U/c 0 &*5, ±IBE C «, 2 50 

[0 04 7 ] fr&$tltc7&y ffrhs ¥M\h£3 0 mm 
X5. 5 mm, 0 . 4 5 miK3[>«tt**«J 0 fctiL/cf£, 
7? :/W®GTJS3*3 2 5 jtim&U <*6*c\ 
^fiSanmCDiaiWfiaSJc^CC. ^M%t1S7mmX 40 

ccj:0»JESLfc. c©Ag«ffi©Tj-*£«:, ear. 5m 

m, 1 itimi L/c a 

[0 04 8] M>^^ i> t, b*-l/?h^7* 
- KtiH-f >t"-^>^T^'7>rt? , HP4 1 94A^ffl 

«Ftt*»J5EU Qmax£*#>/Co ^SHCSt, 



^200 1 - 1 9226 7 
10 

[0 04 9] */c, *1f>^KCOt>-C-4 0 — 8 5 °C 
©SaSBH-C*SJ3«S[f r*«jeu.»flrr (T=- 
4 0 -lO'C, 2 0U 5 0'C, 8 5°C) 
^JSffi» f r T t 2 0 -CtcfcW Z&MmH&SL f r 20 ± 

SC Af r = f r T /f r, 0 

tCcfcD, 2 0'C£S*<t L f r <D^t*A 

f r £#«>/Co -eOi&S*, T=-40-8 5 °CO®H0C 

«c#tt^:S/J^^«:<fcOaj^ia<KL/> *<DM* (^1 
CCS** f r TC ) *c <fc 0^«BBi«»OJStt*S»tt*WfiB 

#/J>3l>C£K:/<c&o 

[0 050] £/c, Sif^^CCOOT, M"B i 4 T 

T, WttR-CASS i»**«H»W- 

CC»Lfl«ltrftl/5*6 1/33BaailP*. #><D5?L 

ttriS^Lfe. t#£n/cig-&Wcoi>r, la^x^HSr 

h : CuKa, 
: 4 5 kV, 
WHifc: 4 0mA 

2 0«iJ5ESSH: 1 0-6 OS. 

T, C(Dyp7r -f;KCfc»4 2 6<D3mmt. JCPDS 
FNo.2 7 - 1 4 0 2CCfB*83tlTl>SS i fcT-* 

ffi*. 2 <9(DffifIEffi<h U/c e X«aaffr^d ^ t >f 

jltpO&K'—trttCi^X. XP0S#— FNo.3 5 - 0 7 5 
7 <DB a B i 4 T i « 0 15 ^S^C^TffiJg»M^*tf o 
/Co 3tfC, (0 06), (008), (0 010), 
(101), (103), (105), (107), 
(109), (110), (00 18), (111 
0), (200), (1118) teJ:0' ( 2 1 9 ) <D 1 
4#(Df-??:Ma£ l/T, t'-^<D}g^i2ecDfflJE 

/Co jfem^fU KtjVTo tt&*facot'-^^l±^ 
1^-.TE!5IIIK:<C^^ »m«*©e-* £ S i 
(Dtf-^ i^m/cC o/ci&£, *©t-^Btt-'»*^6l»J1» 
L/Co 

[0 0 5 1 ] 

[ii] 



(7) «H 2 0 0 1 - 1 9 2 2 6 7 

11 12 



No. 


or m 

X 


O. -Q- 

y 


p„ it 
V/n. m 

S 


T «. 

we 


Ln ft 

a 


MnO 
<*«%) 




frTC 
(ppm/C) 


(A) 


101 


1.000 






La 


0.1 


0.31 


20.6 


-87 


41.00 


102 


0.889 


0.111 




La 


0.1 


0.31 


18.8 


-77 


41.10 


103 


0.778 


0.222 





La 


0.1 


0.31 


19.5 


-65 


41.18 


104 


0.656 


0.444 




La 


0.1 


0.31 


18.2 


-49 


41.41 


105 


0.338 


0.667 




La 


0.1 


0.31 


17.7 


-43 


41.57 


106 


0.889 




0.111 


La 


0.1 


0.31 


19.0 


-86 


40.97 


107 


0.778 




0.222 


La 


o.i 


0.31 


21.4 


-84 


40.96 


108 


0.556 




0.444 


La 


0.1 


0.31 


19.0 


-79 


40.86 


109 


0.333 




0.667 


La 


0.1 


0.31 


24.6 


-78 


40.81 


110 






1.000 


La 


0.1 


0.31 


25.2 


-77 


40.68 


111 


0.556 


0.222 


0.222 


"l1" 


0.1 


0.31 


10.3 


-61 


41.07 



[ o 0 5 2 ] ft l ic9fk-?&-v* 

T^^Ci^Wo Sim M'^iJi.OnS 
*Sfl<J!>c«fiS**4 1 . 3 0A«±<D<t£\ f r TC^ 
Ift»«re5 OppBi/XJJHTitto 20 
[0 05 3] &*5, M n iUtBa/c^ffl^diWi 

-^>^;i/No.i o i tm^uxtrntv-iy^^^o. 1 1 2 

^l/No.l 1 2 4Ria«:urJ;b«1f>^Hto. 1 1 3*fP 
[0 0 54] «l«C5%'T"^>^© s * t * T 

3 8 2 a cjy±r*o/c 0 cn6©f>^o^%, * 

m 1 <DfiS« : ^*t^0S*JS« 



;l^^«&*X«@SfffiCCJ:0^WO/c<hC5, M XI Bi 4 
T i 4 0 1 ,il»fi©#-fi4aoWSCiMtB3n 

[0 0 5 5] jllfcffl2 (jglOfigJi) 
Lni Ita 1 CCmr7aR*ffld»ft:«*W-9">^H*). 
1 0 4£EISCC0TEE«'fe'7 5 ? ^^1f>^l/*f«S 

[0 0 5 6] 
[312] 





Srft 


Baft 


Ca* Ln 


Ln* 


MnO 




frTC 


No. 


X 


y 


z mm 


a 






(ppm/'C) 


201 


0.556 


0.444 


mm Sill 


0.1 


0.31 


as 


-46 


202 


0.656 


0.444 


Gd 


0.1 


0.31 


6J9 


-46 


203 


0.566 


0.444 


Yh 


0.1 


0.31 


6.8 


-48 


204 


0356 


0.444 


Nd 


0.1 


0.31 


6J& 


.46 


205 


0.556 


0.444 


Dy 


0.1 


0.31 


4.6 


-44 


206 


0356 


0.444 


Ho 


0.1 


0.31 


4.0 


-45 


207 


0.656 


0.444 


Er 


0.1 


0.31 


2.4 


-46 



[0 0 5 7 ] «2CC^-r**>^;k -Ttt^LaeW 
(D5>*-> 4 F«MBbfc1f>^M*. La£fflt>/c1f 40 

>^jUNo.i0 4<bi^i^'r^s;b/c o -r«ct>fe, cn 

Qmax#*&9<6<ttoTC>S. /c/dl, *JSH«»© 
&g#1£ti:L a»ftn©"9->^No..l 0 4 <fcR«F«±t 

[0 058] ^2tC^-r*1f>^JL'tC^4M 11 
B i «T i ,0,,9«SA<DcMft3t2. -9">y-;UNo.l0 

[0059] m2tiC7jkTir>7)\,<D*~v~i&mzs r so 



^3 8 2^1^^^ £/c, ^2iC7FTl^>^^ 

<*o«affb*5B»6tifc. */c mztcm-rv^'Jfr* 

[0 0 6 0] lijj (»2<D«a. gg3(Pfig«) 

X3 0mm, »S0. 5 5imt0«tt**««) ffl * 
v S L XM 3 4 3 5m m©» S C <Dg«<D 

5 x E c ( W/m) 6i±£ OfctofattlQSffll 1 <t[5j*£K L> 



(8) 



13 

[006 1] ^-C. F e C 1 1 *ift*flH>TX y 



2001-192267 
14 



[006 2] St>^^ i t, t^-U^h^y* 
~FttS^>fc"-#>XT^^iFHP4 1 9 4A*ffl 

[006 3 1 
[*3] 



No. 


Srft 


Baft 

y 


Caft 

z 


La 

mm 


La ft 

a 


MnO 




301 


0.333 




0.667 


La 


0.1 


0.31 


18.0 


302 






1.000 


La 


0.1 


0.31 


144 


303 <tfc«) 


1.000 






La 


0.1 


0.31 


7.6 



[0064] ai3*>6, jE^-fe^ 5 * *7x<Dm&*n2. 

CD 3 tt Qmax**» 

[0 06 5] *3CC^T*>^0**y-tBJK». ^* 

*<r 5 0 0 -ctt±r* ^/co a 3 «cs^r*>^*»* 

X«H«ttlCJ:9IIWrWfc&C** M XI B i 4 T i «0 15 
[0 066] 585 



20 [02 ] #2K8<DJ£m-fe^ S v ?XCDltf£ LC>ffl/&SSH 



[0i ] 



[02] 




Ba{y) Ba(y) 



C9) 



1fgg2 0 0 1- 1 9 2 2 6 7 




C72)2£l## #1*3 m%i 



